Objectives: Extraskeletal osteosarcoma (EO) is a malignant neoplasm that produces osteoid, bone, and chondroid material without direct attachment to bone or periosteum. Surgical resection is the mainstay of treatment; the role of chemotherapy is not well defined. Therefore, we evaluated the impact of chemotherapy in the survival of patients with EO.
xtraskeletal osteosarcoma (EO) is a malignant mesenchymal neoplasm that produces osteoid, bone, and chondroid material without direct attachment to bone or periosteum. It is a rare malignancy, representing approximately 2% to 4% of the osteosarcomas 1 and <1% of the soft-tissue sarcomas. 2, 3 EO tends to present in an older age group, different anatomic location and has a higher recurrence rate and poorer survival than its osseous counterpart. 4 Because of the rarity of EO, formal randomized trials or prospective cohorts to define an optimal treatment strategy have not been feasible. Historically, patients who present with localized disease have been treated with surgical resection. Radiation is often employed for marginal or margin-positive resections. For systemic therapy, extrapolating the role of chemotherapy and identifying effective agents has been challenging. As such, chemotherapy has been sporadically utilized but remains controversial. 5 A small number of studies have shown a trend toward improved outcomes with systemic chemotherapy. The chemotherapy regimens employed in patients with these tumors are typically those utilized for soft-tissue sarcomas 5, 6 rather than for skeletal osteosarcomas, which utilize platinum-based regimens. To our knowledge, no studies have compared outcomes of platinum-based systemic therapy with other agents.
We present our institution's experience with EO by describing clinical presentation, approach to treatment, and outcome analysis. We also aim to provide insight on optimal chemotherapy agents by comparing outcomes between platinum-containing chemotherapy and nonplatinum-containing regimens.
METHODS
This study was approved by the Mayo Clinic Institutional Review Board. The Mayo Clinic, Rochester, MN electronic health records were queried to identify patients with the diagnosis of EO seen from January 1, 1990 to December 31, 2014. Patients of all ages were included. EO was defined as an osteosarcoma without any involvement of bone or periosteum. Patients with prior history of skeletal osteosarcoma were excluded.
All available archived pathology slides were reviewed by a single bone and soft-tissue pathologist to confirm the diagnosis. Histologic review of the tumors revealed pleomorphic cells with hyperchromatic nuclei admixed with variable amounts of neoplastic bone and osteoid matrix. The mitotic rates were generally brisk, and a subset of lesions contained necrosis. Fluorescence in situ hybridization was used to detect amplification of Mouse double minute 2 homolog (MDM2) in all cases of retroperitoneal located tumors to rule out dedifferentiated liposarcoma. 7 Patients with MDM2 amplification were excluded. The Federation Nationale des Centers de Lutte Contre le Cancer (FNFLFF) grading system was used for tumor grading. Grade 1 and grade 2 tumors were considered low grade whereas grade 3 tumors were considered high grade. Margin status at initial resection was defined as R0 if microscopically negative or R1 if microscopically positive. Primary tumor size was defined by maximum diameter measured by radiologic image before first radiation therapy or chemotherapy treatment or on the gross specimen when surgery was the first treatment modality. Tumor site was classified into upper extremity, lower extremity, axial (including chest wall, pelvis, perineum, head, and neck) and retroperitoneal-visceral. Tumor depth was classified as superficial, deep (if deep to the fascia) or visceral. Radiologic reports including computed tomography or magnetic resonance imaging and biopsy report, when available, were used to confirm progression or recurrence. Neoadjuvant treatment response was assessed using the RECIST 1.1 criteria. 8 
Statistical Methods
Patient's charts were retrospectively reviewed. Patient characteristics are summarized by frequency and percentage for categorical data and median with range for continuous data. Survival data are presented as median and 95% confidence interval (CI) and were calculated using the Kaplan-Meier method, compared using the log-rank test for univariate analysis. Overall survival (OS) was calculated from date of EO diagnosis to date of last follow-up. Patients who were alive at the last follow-up were censored. Progression-free survival (PFS) data were calculated from the date of initial tumor resection to the date of first event (progression of disease or death). Patients without the event were censored for PFS at the last date they were found to be in remission and alive. Patients with metastatic disease at diagnosis who underwent surgical resection of all disease sites were included in the PFS analysis. Postrelapse survival data were calculated from the date of first progression/recurrence to the date of last follow up. For all tests, a P < 0.05 was considered statistically significant. Analysis was conducted using JMP statistical software (SAS Institute Inc., Cary, NC).
RESULTS

Patient Characteristics
A total of 43 patients with histologically confirmed EO were identified in the aforementioned 24-year time span. The patient and tumor characteristics are summarized in Tables 1  and 2 . The median follow-up was 126 months (range, 1.2 to 241 mo). Two of 43 (5%) patients had history of prior radiation therapy to the site of EO at initial diagnosis. One patient received radiation to the pelvis for nonHodgkin lymphoma 31 years before the diagnosis of EO of the hip. The other patient was diagnosed with a chest wall EO 28 years after receiving chest radiation therapy for metastatic testicular cancer. No cases of treatment-related myelodysplastic syndrome or acute leukemia were recorded.
Pathology
The majority of tumors were >5 cm (85%), with a median size of 8.7 cm (range, 3.5 to 28.0 cm). Histologic review of all cases revealed malignant cells producing osteoid or bone matrix. A subset of cases (n = 4) also exhibited significant malignant cartilage. All tumors showed marked cytologic atypia and were classified as high grade. Fluorescence in situ hybridization studies performed on all retroperitoneal located tumors (n = 6) showed absence of MDM2 amplification in 4 patients. Two patients with MDM2 amplification were excluded before data analysis.
Treatment Characteristics
Of 43 patients, 37 (86%) had localized disease at diagnosis, of whom initial therapy information was available in 35 patients. All patients with localized disease underwent surgical resection. R0 margins were achieved in 73% of the available cases. Chemotherapy was used in 73% and radiation therapy in 69% of the patients. The remaining 6 patients (14%) had metastatic disease at the time of diagnosis and were treated with surgical resection (80%), chemotherapy (75%), and radiation therapy (60%). Surgical resection of all metastatic disease sites with curative intent was performed in 3 (50%) of these patients. When considering all 43 patients, the initial treatment combinations were as follows: surgery, chemotherapy, and radiation therapy (45%), surgery and chemotherapy (25%), surgery and radiation therapy (23%), surgery only (5%), radiation therapy only (2%). No patient received only chemotherapy as the initial therapy.
A total of 27 patients received chemotherapy as part of the initial treatment (including 3 patients with metastatic disease at diagnosis who underwent surgical resection with curative intent). Neoadjuvant chemotherapy was used in 16 (60%) patients, adjuvant chemotherapy was used in 9 patients (33%), whereas 2 patients (7%) received both neoadjuvant and adjuvant chemotherapy. At surgery, the median tumor necrosis was 80% (chemotherapy only, 57.5% [n = 4]; radiation therapy only, 42.5% [n = 4]; chemotherapy and radiation therapy, 90% [n = 13]).
The most common frontline chemotherapy regimens were mitomycin/doxorubicin/cisplatin (MAP) (n = 8, 30%), ifosfamide/ mitomycin/doxorubicin/cisplatin (IMAP) followed by MAP (n = 6, 22%), ifosfamide/doxorubicin (IA) (n = 6, 22%) and IMAP (n = 3, 11%). MAP was given concomitantly with radiation therapy in 12 (86%) of the patients. The typical cisplatin dose in the IMAP and MAP regimens was 60 mg/m 2 or, when used in combination with radiation therapy, 45 mg/m 2 . All, but 1 patient, received doxorubicin as part of the first line chemotherapy regimen. Platinum-containing combination chemotherapy was used in 22 (84%) patients. The median number of chemotherapy cycles was 4 (range, 2 to 6).
Survival Characteristics
The median OS for this cohort was 50 months (95% CI, 25-99), with a 5-year survival of 45% (Fig. 1) . The PFS from surgical resection of the entire cohort was 21 months (95% CI, 13-not reached [NR]), with a 5-year PFS of 44% (Fig. 1) . The median postrelapse survival was 13 months (95% CI, 5-22). Six patients (14%) with metastatic disease at diagnosis (Table 1) had a significantly worse median OS compared with patients without metastatic disease (9.7 vs. 61 mo respectively; P = 0.0003).
Univariate analysis results are summarized on Table 3 . Presence of metastases, large tumor size ( > 5 cm), advanced age ( > 55), necrosis rate (< 95%), and deep or visceral tumor site all adversely impacted survival. There was no significant difference in survival based on tumor histologic subtype, margin status at resection or patient sex. Table 4 shows survival characteristics based on initial treatment. Use of chemotherapy was associated with higher OS and PFS, although statistically significant only for patients treated with platinum-containing chemotherapy regimens (Table 4 and Fig. 2 ). There was no significant difference in presence of metastasis at diagnosis, tumor size, age at diagnosis, or tumor location between patients who received platinum-containing chemotherapy compared with nonplatinum-containing chemotherapy ( Table 2 ). In the platinum-containing group, 9 patients (41%) had progressive/recurrent disease compared with all 4 patients in the nonplatinum-containing group (P = 0.02). However, the median postrelapse survival was similar in both groups (10 mo [95% CI, 2.7-21] vs. 8.6 mo [95% CI, 0.9-45]; P = 0.74, respectively).
In the nonplatinum group, 3 patients received IA (ifosfamide/ doxorubicin) frontline chemotherapy, whereas the remaining patient received IE (ifosfamide/etoposide). All 4 patients underwent surgical resection. One patient also received radiation therapy. There were too few patients with metastatic disease at diagnosis for an accurate analysis of frontline therapy in OS and PFS.
Response rates from neoadjuvant chemotherapy were available in 11 patients, all of whom received platinum-containing chemotherapy. Complete response was seen in 1 patient (9%), partial response in 2 patients (18%), and stable disease in 8 patients (73%). No patients had progression of disease.
Of patients with available data, local recurrence was seen in 2 of 14 patients (14%) who had radiation therapy compared with 3 of 8 patients (37%) who did not received radiation therapy (P = 0.30). Distant recurrence was seen in 11 of 25 patients (44%) who received chemotherapy compared with 5 of 7 patients (71%) who did not received chemotherapy (P = 0.39).
DISCUSSION
EO is a rare soft-tissue tumor associated with significant morbidity and mortality. Little is known regarding the best treatment approach for this specific cohort of patients. Even less is understood about the impact of systemic chemotherapy in the outcomes of patients with EO. The most common chemotherapy approach, as recommended by some authors, 6, 9 df is to treat these patients as high-risk soft-tissue sarcomas. This recommendation derived from analysis of response rates 9 reported a partial response in 2 (13%) patients of 15 treated with platinum compared with 2 (25%) patients of 8 treated with other regimens. Others have suggested that a favorable outcome could be achieved when treating EO like conventional osteosarcoma. 10 However, chemotherapy has not been shown to convincingly impact OS in patients with localized soft tissue sarcoma, and remains a polarizing point of contention in the care of these patients. 11 We therefore sought to elucidate the role of chemotherapy, and more specifically the impact of regimen choice in our institution's large cohort of patients with EO.
The median age at diagnosis of our cohort is similar to soft-tissue sarcoma and previously reported series of EO, [12] [13] [14] in stark contrast to osseous osteosarcoma, which commonly presents within the first 2 decades of life. 15 Older age at diagnosis, tumor size, and location were associated with worse prognosis, as described by previous reports. 16 Metastatic disease at diagnosis and progression/recurrence, not surprisingly, are also poor prognostic markers. 9,17 As described by Choi et al, 18 we also did not find an association of positive margins with worse survival, likely mitigated by the fact that 67% of these patients received radiation therapy. The 5-year OS and PFS seen in our study were similar to previously reported survival for soft-tissue sarcoma, 13 but inferior to osseous osteosarcomas. 15 The conventional approach for patients with EO follows the principles established for patients with soft-tissue sarcoma rather than primary osseous sarcoma. It is based on the combination of limb-sparing surgical resection, when possible, and radiation therapy. Chemotherapy is an acceptable option in the preoperative management for patients with locally advanced soft-tissue sarcoma to aid operability as well as facilitate limb salvage. A retrospective review of 48 patients showed improved disease-free survival with addition of adjuvant multiagent chemotherapy, but this result did not reach statistical significance. 19 In our study, frontline chemotherapy was associated with improved outcomes without achieving statistical significance. The inability to detect a survival benefit in our study and others likely stems from unavoidable lack of power because of the rarity of this disease. Garnering multi-institution experiences with EO may allow for better selection for patients who are likely to benefit from adjuvant chemotherapy.
Our cohort of EO patients was also treated with a multimodality approach in most of the cases. All, but 1 patient underwent surgical resection of the primary tumor and the majority received radiation therapy. However, in contrast to the usual chemotherapy choice for soft-tissue sarcomas, a significant proportion of our patients received platinum-containing regimens.
Previous work by Ahmad et al 9 did not show a significant survival advantage with the use of chemotherapy, where 15 (25%) patients received platinum-containing therapy with an overall objective response of 13% using a 3-dimensional tumor volume response criteria. In our study, 22 (84%) patients received platinum-containing chemotherapy with an overall objective response of 27% using RECIST1.1 criteria. The use of platinum-containing chemotherapy in our patients significantly improved both PFS and OS compared with nonplatinum-containing therapy ( Table 4 ). The platinum-containing chemotherapy (IMAP and MAP) regimens during this time period were our standard chemotherapy regimen for soft-tissue sarcoma. The platinumcontaining regimens were not those of standard skeletal osteosarcoma and did not use high dose methotrexate.
It was not possible to assess the impact of surgical resection and radiation therapy in the survival of patients who presented with localized disease given that almost all patients underwent surgery and radiation therapy as part of their frontline therapy. All, but 1 patient, received doxorubicin in the first line of chemotherapy, which prevented any analysis regarding the impact of doxorubicin in the survival outcomes. Other limitations of our study include all inherent limitations of a retrospective review of a rare disease, including small number of patients and missing data with resulting limited analytic power. Even though our conclusions should be taken with reservation given the above stated limitations, this study represents one of the largest EO cohorts that focus on the impact of different chemotherapy regimens in this rare disease.
In conclusion, the results of our study suggest a survival benefit with the use of platinum-containing chemotherapy in the treatment of EO. This contrasts with the historical treatment approach for EO, but has also been proposed in the past by Goldestein-Jackson et al. 10 Furthermore, a remarkable ORR of 27% was seen with preoperative use of platinum-containing regimens. The optimal treatment approach of patients with EO is not well defined yet. Our study suggests consideration should be given to including perioperative platinum-containing chemotherapy in the management of these patients, akin to the conventional approach with osseous osteosarcoma. We are in the process of conducting a multi-institutional collaborative effort to further shed light on this provocative topic.
